Abstract -Agile software development (ASD) has become an important research topic. However, despite the increase in the number of studies in this area in the last few years, there is a lack of structured information about its adoption in the public sector. Since the public sector is the part of the economy concerned with providing various government services, the goal of this study is to report from a systematic literature review and provide information that may enhance the understanding of the implications of adopting ASD within public companies. As the main results, we found that ASD could indeed be adopted in the public sector. The analysis suggests that a good alternative is to start the adoption of ASD with people willing to change -strongly supported by senior management -working on important pilotprojects. Second, we found that job satisfaction is greater when adopting agile methods within public companies. Finally, we also found some barriers that are difficult to overcome, including the ingrained use of plan-drive methods, as well as big bang deliveries and lack of experience in ASD.
I. INTRODUCTION
The public sector is the part of the economy concerned with providing various government services. With the development and evolution of technology in the past few years, public organizations began to gradually incorporate software products in their development processes. Thus, the incentive to adopt new and better approaches to Software Engineering (SE) has become something essential for the future of software projects in government. In the context of SE, the government always attempted to enforce software standards for the development of its systems, based on plan-driven methods with big bang deliveries. For example, the United States Department of Defense attempted to enforce "US Military Software Development Standards" from the 1970s to 1990s [1] . Also, the United Kingdom (UK) Government decided to adopt "Structured Systems Analysis and Design Method" from the 1980s to mid-2000s [2] . The benefits are that it contributed to spreading the use of valuable techniques. On the other hand, software standards based on plan-driven methods are unlikely to cope well with uncertainty, changing requirements, user communication and staff development [2] .
A good solution to these problems was formalized in February of 2001 with the agile methods. Since then the government has gradually waived its ways of working and has adopted agile software development [3] . Although ASD has become an important research topic and the number of studies in this area has increased in the last few years, there is a lack of structured information about its adoption in the public sector. For this reason, the goal of this study is to report from a systematic literature review about the adoption of agile methods in the public sector and provide empirical evidence about its current situation, challenges, and opportunities.
Public organizations have been adopting agile methods in order to improve the results of their IT projects [7] [8] [9] . This is motivated by the benefits that agile methods can bring to organizations, including the ability to manage changing priorities, better alignment between IT and business objectives, enhanced software quality and increased customers / users / stakeholders satisfaction with the software product [10] .
However, the adoption of agile methods in the public sector has some challenges. Agile methods are incompatible with hierarchical and bureaucratic structures, typical of government [11] . Many public organizations, especially large ones, have spent years changing their culture so that the processes were defined and followed, it is difficult to switch to a working model in which the processes are informal and defined by the development team [3] . Even so, agile methods can bring better results for the public sector, than those that would be possible to achieve with plan-drive methods big bang deliveries [3] . This paper organized as follows: in Section II, we present the method. In Section III, we set out the results, while in Section IV we discuss the findings. In Section V, the limitations of the study are discussed. Finally, in Section VI the conclusions and future work are addressed.
II. RESEARCH METHODOLOGY
The research methodology used is a systematic literature review. The main purpose was to find evidence regarding the adoption of agile methods in the public sector. Our review protocol was based on the recommendations provided by Kitchenham [4] , and the research question that guided the systematic review was:
What is known about the adoption of agile methods in the public sector?
The search included digital libraries available and papers published in journals, conference and workshop proceedings. We searched seven digital libraries and one-conference proceedings, the following: ACM Digital Library, Bielefeld The keywords were defined based on two main categories of terms: those related to "Public Sector", and those related to "Software Development". Table I outlines the keywords. The search was a combination of A and B. Category B has more keywords and reflects the fact that there are many variations of the same term. We defined the search string as: We searched for government experience reports and empirical papers. This search strategy resulted in a total of 9.872 citations. As we can see, the lack of standard terminology in "Public Sector" and "Software Development" resulted in a large number of papers to start with, but only a few were selected, confirming the high sensitivity and low precision of our search.
To include a paper in the analysis, the paper must have been available online, must have been written in English or Portuguese, and must have described the aspects of the adoption of agile methods in the public sector. The papers were classified following a three-step approach. First, based on the reading of the papers' titles and abstracts, the papers were classified into three categories: 
III. RESULTS
The systematic literature review was conducted from August 2013 to March 2014 and we identified 17 primary studies on agile software development in the public sector (see Table II ). Key data, along with a description of the domain in which each study was conducted, is presented in Table III. We categorized the studies into three main groups: (1) reason and benefits obtained from adopting agile methods in the public sector, (2) problems and challenges faced from adopting agile methods in the public sector, and (3) lessons learned obtained from adopting agile methods in the public sector.
A. Reasons and benefits benefits obtained from adopting agile methods in the public sector
One of the biggest reasons for the adoption of agile methods is the benefits that they can bring to the government, which are a response to a history of failure of IT projects in public sector. Thirteen studies described some benefits obtained from adopting agile methods in the public sector. Table IV presents these studies. Based on Table IV , we can observe that benefits were reported in the following areas: customer/stakeholder collaboration and alignment between IT and business object. Some studies have found that job satisfaction is greater, developers are more satisfied with their job and that customers are more satisfied with the product. However, a study did not find any benefit, and the evidences suggest that not all development environments have evolved with the same pace. For this reason, an organization's inherent culture may not match the development approach adopted, causing project failures [P07].
B. Problems and challenges faced from adopting agile methods in the public sector
In some cases, the optimistic view of agile methods can be imposed by a practical reality dominated by problems and challenges. Table V presents some of problems and challenges found. Based on Table V , the organizational culture is a primary factor for the success of any change initiative, including the adoption of a new approach to developing software. Although the culture incorporates many facets, we want to highlight just one specific part, since it presents relevant elements to agile methods in the public sector. This part is "The ingrained use of prescriptive approaches and big bang deliveries". Although various aspects of adaptive development have been advocated and valued by the US and UK Government lately [7] [8], there is still a bias towards prescriptive approaches and big bang deliveries in public sector. The roots of this trend are often associated with traditional procurement and contracts [3] . The US Government has to follow procurement processes that exacerbate the tendency to big projects, prescriptive approaches and big bang deliveries [3] . On the other hand, recently, the UK Government published a new clarification of business case guidance, explaining how government organizations get permission to spend money on agile work, supporting an agile culture in the public sector [9] .
Moreover, some studies reported that agile software development practices are easy to understand, but applying them in practice can be difficult. IV. DISCUSSION
In this section we discuss our findings as follows.
A. Agile methods can be adopted in the public sector
We found that agile methods could be adopted in the public sector. In some studies, the results were better than those possible to achieve with prescriptive approaches. This is partly because customers/stakeholders are no longer just at the fringes of software development, but actively shaped and guided the evolution of the end software product or service. Secondly, there is a learning element inserted into each delivery cycle and a job satisfaction
B. Adopting agile methods in the public sector can be even more challenging
The analysis suggests that agile software development in the public sector can be more challenging because people with little experience need to direct projects towards success with positive results in the short term, and sometimes they do not have the support organization necessary, and still depend tightly on external coaches [P08].
C. Adopting agile methods in the public sector can be slower and complex
The studies that address the adoption of agile methods suggests that a good alternative is to start the adoption of agile software development with people willing to change -strongly supported by senior management -working on important pilotprojects. After, the change will depend on their interaction with other teams, in order to reach the vast majority of the organization, which can be slower and complex D. There is a need for more studies related to agile procurement In government, the emphasis is on risk management through rigorous procurement processes, which generally includes a prescriptive fixed-price and fixed-requirement contract between client (government) and supplier (software industry) [3] . This approach is in disagreement with agile principles. As a result, those using agile development in the public sector are opting for resource augmentation (use of a supplier's staff on a time and materials basis) to run agile projects internally [P04] [P09]. This creates an opportunity for researchers to explore and understand the degree to which this approach is useful or appropriate to agile procurement context.
E. Aspects of the adoption of agile methods in the public sector
should be empirically evaluated Agile methods have not been sufficiently tested and exploited in the public sector. In addition, there is a restricted set of scientific evidence to extract conclusive results. However, there are promising results from adopting agile methods in public sector. Therefore, there is an opportunity for SE researchers to understand how these methodologies are adopted in practice and which effects they generate, including their advantages and disadvantages.
V. LIMITATIONS
Systematic literature review is a useful method. However, as any other method, there are some limitations. We address three of them. First, we see that the primary studies selected in our systematic review present significantly more evidence on success than failure cases. This may have limited or influenced the results.
Second, the full text of the articles was obtained through the libraries at the Brazilian Agricultural Research Corporation (Embrapa), Pontifícia Universidade Católica do Rio Grande do Sul (PUCRS) and University of Campinas (Unicamp). For this reason, some studies that could be related with the subject were not analyzed because they were not accessible.
Finally, the immediate definition of search strategy makes knowledge as something well defined and explicit. However, new knowledge was discovered while performing a systematic review, which could have resulted in a reformulation of the search strategy, along with a new execution of the whole process with the new discoveries. This means that an initial description accurate of reality makes it difficult to apply this method successfully, since the knowledge can also be volatile, tacit and diffuse.
VI. CONCLUSIONS
In this paper we report from a systematic literature review about adopting agile methods in the public sector. We found that agile methods could be adopted in the public sector. However, not all the implications of adopting agile methods in the public sector are widely known. For this reason, as next steps we plan to interview ASD teams from public organizations, aiming at expanding "what is known about the adoption of agile methods in the public sector", proposing a set of recommendations for adopting agile methods in this context.
